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INTRODUCTORY. 
In earrying out the objeets of the organization of an ttAgri~ultural Expe-
riment Station," we cordially invite the co-operation of all persons interested 
in it!? success. Suggestions as to lines of experimental work, problems to be 
solved, inquiries relating to agriculture, horticulture, stock, and the dairy will 
be cheerfully received and answered as far as possible; but no work will be 
undertaken unless of public value, and the results of which we are at liberty 
to use for the public gOlld. 
Specimens of grains and grasses; seeds of fruit and forest trees ; vege-
tables, plants and flowers that are true to name; varieties of benefieial and 
injurious insects ; samples of mineral waters and ores, and whatever may 
il:ustrate any department of agriculture will be gladly received and 
due acknowledgments made ill annual reports . Directions for collect-
ing, packing and shipping such specimens will be furnished on application. 
Bulletins will be issued at least quarterly, giving the results of experi-
mental work as fast as completed, together with such suggestions and infor-
mation as may be thought valuable to the farmers of Missouri. 
The bulletins and reports of this Station are sent free to every citi~en of" 
Missouri who applies for them. Copies are sent as soon as issued to every 
newspaper in the State, to every Grange, Farmers' Alliance 01' other agricul-
tural organization whose address can be obtained. Bulletins and repOlts are 
also sent to the leading agricultural papers of the country, and will be sent to" 
any paper that may desire to exchange .. I 
Letters relating t·o any special line of work should be. directed to the 
officer in charge of that divisio~, but all general eorrespondence relating to 
.the work of the Station should be addressed to 
COr,UMBlA, ~oone County, Mo. 
EDWARD D. PORTER, 
Direetor of Experiment Station. 
SOILS AND FERTILIZERS. 
PART II. 
P . SCHWEITZER, Chemist. 
The statements made in part first of this bulletin are 
subject to proof, and their correctness has often been 
demonstrated. ':ro give reality to this demonstration 
pictorial representations are found to speak plainer than . 
words, and, when properly used, are advantageous and 
very desirable. Many German investigators have adopted 
this plan with marked benefit to the cause of agriculture 
in their country and the photographic results of their 
experiments teach an equally plain lesson to our farmers. 
The most systematic and comprehensive experiments of 
this kind have been made by Prof. 'Wagner, of Darmstadt, 
Germany, and his illustrations are, in part, reproduced 
here. , i;J' ,. 
Rich as well as poor soils were chosen for these trials 
~nd to avoid ullcertainties of climate and differences, in 
the composition of soil over large areas and at various 
depths, all experiments were made in boxes filled with 
earth which admitted of perfect control of the conditions 
of growth of the plants selected. Soils in fixed amounts 
and of known composition were taken to produce crops 
with and without fert.ilizers and to photograph the plants 
at their various stages of development. The results are 
.striking and instr:uetive; they can be comprehended ori 
mere inspection of the pictures which were reproduced 
for this bulletin by a process which admits of printing 
them while in no way interfering with the correctness or 
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integrity of the originals; one disadvantage, however ~ 
attaches to this method and that is the retaining of the. 
German lettering on the boxes; A little attention on the 
part of the reader will overcome this difficulty and to this. 
end it must be remembered that, unless otherwise stated" 
on the plates, 
o means No Fertilizer; 
K means Potash; 
P means Phosphoric Acid; 
S means Nitrogen. 
It is not deemed necessary for the purposes of this. 
bulletin to give the weights of earth taken for each box; 
no general deduction could be drawn from a comparison 
of these weights with the quantity of fertilizer used. The. 
number of plants in each box give a sufficient indication 
of its size, and specific statements are reserved till the· 
close of this bulletin. 
POTAsH.-The experiments illustrated (*) were made, 
with peas, oats, rye and barley on rich and on poor soil. 
Oomparing in the first case the two plates with each 
other, the greater vigor and productiveness of the plants. 
on rich soil ai'e apparent; but it is also apparent that, 
addition of potash in either case greatly increases vegetable, 
growth and the resulting crop. Experiencehas proved this. 
to be true not only for peas but for all plants of this. 
family, and to get the best results f. 8. from growing' 
clover or other leguminous plants an abundant supply of 
soluble potash salts is necessary. . 
The quantities of potash added to the boxes which 
gave such decided differences in crops are small, amount-
ing to t of a gram (gr.) and to 1 gr. respectively or in 
our weights to fo and to 3-\ of an ounce. 
With oats the demand for potash.isnot so great and. 
while responding to it on poor soil, buying it for the rich 
soils of our state would be a losing investment. 
(*) The cuts for these seven plates were kindly - lenthy the German Kali Work'" 
through Dr. Von Herff. 
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Rye and barley are different, as both require more 
-potash thall oats and wheat, and corn even more than 
they so that the production and sale of grain crops from 
a farm, with the probable exception of oats, calls for 
potash fertilizers. How to use them in the best manner and 
with the greatest gain to the farmer is not clearly settled 
yet; a rotation might answer in which clover and grasses 
receive a heavy application of potash salts, to be {ollowed 
with corn without fertilizer of any kind and this by wheat 
with superphosphate and nitrogen and, lastly, by oats 
without fertilizer. 'fhe production and employment of 
stable manure would, of course, modify and extend the 
rotation proposed. 
The three chief potash salts sold by the German Kali 
works are muriate, sulphate and kainit; they are quoted 
at New York in quantities less than twelve tons at $2.32 
for 100 pounds of muriate $2.70 for 100 pounds of 
sulphate and $10.75 a ton of kainit, with $1.25 a ton 
added for bagging. The warranted strength of these fer-
tilizers would therefore put the cost of each inclusive of 
bagging but exclusive of freight cha.rges as follows: 
200 pounds of muriate with 100 pounds 01' pota.slt eost . . ........ . . . .... $4 .77 
200 pounds of sulpha.te with 100 poulld~ of potash eost. . . . . . . . . . . . . . .. 5.53 
800 pounds of kainit with 100 pounds of potash eORt . . . . . . . . .. . ...... 4.86 
The freight on muriate and sulphate, it will be seen, 
mnst be the same, while that on kainit is four times as 
great, but nevertheless kainit is recommended as a potash 
fertilizer for our lands in preference to the other two, 
excepting in the case of tobacco, where sulphate only must 
be used, as the other two injure the quality of the product. 
PHOSPHORIC ACID.-The need for having the plant 
food in our soils in a soluble condition has been sufficiently 
explained. Numerous and costly trials have demonstrated 
that every natural form of phosphatic fertilizers, even 
when finely pulverized, shows hardly any effect at all the 
PLATE I. 
Without Potash. With U g. Potash. 
PEAS ON POOR SOIL. -
PLATE 2 . 
Without Potash. With ~ g . P(:.~h. 
PEAS .ON RICH SOIL. 
PLATE 3. 
Without Potash. With j( g. Potash. 
OATS ON POOR SOIL. 
PLATE -I . 
Without Potash. With U g. Potash. 
OATS ON RIC H SOIL. 
PLATE 5. 
Without Potash. With ~ g. pe>tash. 
RYE ON POOR SOIL. 
PLATE 6. 
Wi thout Potash. With j( g. Potash. 
RYE ON RICH SOIL. 
P L .\TE 7. 
Without P otash. With 2 g. Potash. 
BARLEY ON POOR SOIL. 
Without Potash. With 2 g. Potash. 
BA.RLEY ON RICH SOIL. 
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first year, and barely manifests its presence the second; it 
takes time, three and four and five years, before the agen-
cies that are active in the soil, succeed in rendering these 
refractory compounds available to plants. A rational use 
of phosphoric acid demands, therefore, so-called super-
phosphates, though an artificial product, the Thomas slag 
mentioned previously, responds well and quickly without 
chemical treatment. With these two the following expe-
rim.ents were made: 
The crop selected was rye w hieh (in the upper picture) 
was grown in six pots, two of which received 110 phos-
phoric acid at all, while the other four received each an equal 
amount of soluble phosphoric acid as superphosphate, 
and are consequently marked "S." rro the two middle 
pots the materi.al was added in the fall and to the others in 
the spring of the year, the rye itself being sown at this time. 
Two things are plainly discernible: first, the plants with-
out phosphoric acid developed but sparingly, and second, 
the addition of the acid in the fall gave a somewhat less 
vigorons and less stoeky growth of plants than where it 
had been applied in the spring. The explanation for this is 
not far to seek; the presence of lime in every soil induces 
the soluble phosphoric aeid of the superphosphate to 
unite with it to form again the eompound, which has been 
mentioned before as insoluble and refractory. It follows, 
consequently, that this fertilizer should in every instance be 
appl-iedin the spring before or after plowing, as the case 
may be, or even after the plants have made some growth. 
The lower picture represents a similar set of experi-
ments, excepting that instead of soluble phosphoric acid 
finely pulverized Thomas slag, to the extent of contain-
ing double the quantity of phosphoric acid ta,ken in the 
former, was employed. This is indicated on the pots by 
the letter "T." The results are instructive; with no 
phosphoric acid, scanty growth, as in the first case; but 
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manuring in the fall yields here larger crops than manur-
ing in spring. The slag decomposes in the soil quite 
readily and, unlike the natural phosphatic material spoken 
of, exhibits a markeq, e~ect the first year, but time for it 
is required even in this case, so that application in spring 
is not advisable unless, indeed, it were for the growth of 
a second crop within the same ·season. In Germany the 
prices of the two fertilizers are such that 2.7 times as much 
p.Q.osp~oric acid can be bought in Thomas slag than is 
-obtainable in Superphosphate, a fact which renders the 
former, excepting, perhaps, for truck and flower garden-
ing, cheaper and more rational for general far:rn, purposes ' 
than the latter. It is to be hoped that the markets of the 
United States may soon quote the prices of this valuable 
material and render it generally accessible. 
NITROGEN.-All experiments described were made 
with nitrogen in the form of sodium nitrate, commonly 
:simply called nitrate, and on account of their importance 
for Mi~souri soils are fully represented here. In plate 9, 
summer wheat and barley were grown in soils enriched 
with potash and phosphoric acid and, in addition to these, 
t of an ounce of nitrate was given in each case to the two 
right hand pots marked, "S". The results plainly indi-
·cate' that the plants grown in soil otherwise rich in plant 
food but deficient in nitrogen are shorter, less stocky and 
'. with smaller and fewer heads than those to which nitrogen 
had been furniShed at the time of sowing the seed. 
In plate 10 (*) the same plants were grown without and 
with increasing amounts of nitr:ogen. Beginning at the 
left hand side the first pot received none and the other 
three in order i~ , t and .~ of an ounce of nitrate: The 
results . speak for themselves; the more nitrogen, the 
stronger, more numerous and better headed the plants. 
'The same effect is shown in plate 11 which represents 
(*) Plntes la, II and i 2 were kindly lent by the Permanent N itrato Committee through 
Mr, ] oseph Harris, . 
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oats and corn; no nitrogen (in left hand pots) and but 
feeble and short plants; nitrogen in increased amounts 
and a decided increase in crops both as to quantity and 
quality. In plate 12 buckwheat and potatoes follow the, 
cereals in their marked response to a manuring with 
nitrate. 
It is plainly seen, therefore, that the plants so far 
mentioned need nitrogen and need it in the form in which 
it exists either in nitrate or in one of the other comQina~ 
tions mentioned in part first of this Bulletin. 
'rhere are plants, however, which draw their nitrogen 
supply from the aiI: and, as it were, produce the 
combinati;n which they in common with all plants need, 
for the production of ,their proteids; such are represented 
on plates 13 and 14. 
Plate 13 .shows peas and vetches grown in a soil other-
wise rich but deficient in nitrogen, while plate 14 shows 
similar plants grown in a similar soil, to which nitrate had. 
been addeq; the two plates are put opposite to each other 
for a better comparison of the results. No marked increase 
in crop follows the addition of nitrogen in their cases, and 
the same is true, as already stated; with every leguminous 
plant; they are nitrogen producers rather than consum-
ers, and the purchase for them of nitrogenous fertilizers 
is money wasted. They need it not and are, in fact, des-
tined to eventually change the aspect of agriculture, to 
give it hope and certainty of success; with consequent, 
remuneration for time and thought and labor spent 
upon it. 
To once more impress the f~ets of chemical fertiliza-
tion as well as the differences in different classes of plants, 
plate 15 should be studied. Peas and oats representing 
the one legumes; and the other cereals speak in picture. 
Soil and fertilizer, the day of sowing, and every detail of 
subsequent treatment was the same in the twelve pots. 
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No fertilizer (0), and the growth of peas is scanty, while 
. oats barely exist; potash and phosporic acid (K P) pro-
duce a luxurious stand ~f peas, oats yet struggling for 
mere existence; the addition of nitrogen to potash and 
phosporic acid (K P S) scarcely improves the growth of 
peas, while oats, ·having their nitrogen hmlger satisfied, 
develop in marvelous manner. Potash and phosphoric 
acid, in proper quantity and condition, ate necessary for 
the growth of all plants, and nitrogen for all except 
the legumes, which are able to make the ail', surrounding 
them in unlimited amounts, tributary to their wants. 
But yet another lesson is to be drawn from this ·picture. 
While oats and with it all grasses do not respond to an 
application of potash and phosphoric acid without nitro-
gen, which is the case with legumes, pastures and 
meadows are vastly improved by it; and the explanation 
is quite simple. Continnons cropping favors the crowd-
ing out of the more valuable species of grasses by the 
coarser and harder but less nutritious ones, so that after 
some years, quality and quantity of the product suffers to 
the great detriment of the whole farm. A dressing with 
potash and phosphoric acid, say 200 pounds of muriate 
or 600 pounds of kairiit with 200 pounds of good super-
phosphate to the acre, will afford a chance to clover and 
other leguminous plants to overcome the inferior grasses, 
and as they disappear, better ones will, take their places, 
converting, as .it were, in a few years, a thin . and worn 
out pasture into a luxnrious and rich meadow. 
Green Manuring. The remaining three plates present 
the principles of green manuring, with oats selected as the 
experimental crop. The upper picture in plate 16 shows . 
the five pots marked 0, 0.5, 1, 1.5,2, which received in 
the order mentioned none and 1-\, 1~0' 1;1.0 and 1~0 ounces 
of nitrate at the time of sowing the grain. The growth 
of the plants, as might be expected, is nearly proportion-
. . 
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ate to the quantities of nitrate used, and sheds light upon 
the stunted appearance of the crop in the first pot marked 
o. The lower picture exhibits in an exactly similar man-
ner plants treated just like the former, excepting that the 
nitrate had been given to the soil in the preceding fall, 
when. white mustard was sown (August 14), harvested 
(September 26) and turned under, and then permitted to 
undergo the usual alterations of vegetable matter, after 
having been covered by the soil. It is plain that while 
the general development of the crops is still proportional 
to the amount of nitrate used, there is a falling behind of 
each compared with the corresponding one above. Green 
inanUl'ing here has not been successful; the nitrate has 
acted,. but less effici~ntly than when it was used directly; 
a part of it has disappeared, and has disappeared by 
virtue of the consumption of matter which goes to sustain 
the life process of plants as well as that of animals; only 
in plants production preponderates so vastly over con-
sumption that the latter is generally lost sight of, except 
where carefully planned experiments bring out the facts, 
as they do in this case. 
Plate 17 speaks in the same direction; all eight pots 
received a manuring with potash- and phosphoric acid, 
but in the four pots marked" 0" without the addition of 
nitrogen and a consequent stunted growth of the crop; in 
the others adding ;tof .an ounce of nitrate to eaeh vessel 
marked "Saltpeter" in the upper picture, and in the cor-
responding vessels below, marked "Lup'inen," lupines 
grown during the preceding fall and turned under, to fur-
nish the nitrogen . instead of the nitrate. The crops in 
both cases · are aby.ndant; the lupines have furnished to 
the' oats as much nitrogen as the nitrate itself and repre-
sent .a successful green manuring operation. 
Additional examples are given in .platelS; every pot 
received potash and phosphoric acid but no nitrate nor 
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any other nitrogenous manure; instead crops were grown 
in the pots the preceding fall and turned under, and it is 
the kind of crop that should receive careful attention. In 
the upper picture White Mustard (Senf) and Vetches 
(Wicken), ' in the lower Buckwheat (Buchweizen) and 
Peas (Erbsen) were the crops chosen for green manuring; 
the results speak for themselves. White mustard and 
buckwheat, not being able to gather nitrogen from the 
air, can consequently fumish none to the oats, and their 
growth is stunted. Vetches and peas, that render the air 
tributary totheir wants and gather up its nitrogen, can 
furnish abundance of it to the oat$ and insure a heavy 
harvest. Green manuring, therefore, if the object be a 
supply of nitrogen for a subsequent crop, demands legum-
inous plants for the operation, and a selection of any 
other is wasteful and useless. 
GENERAL CONSIDERATIONS. - The attentive readel' 
must have received conviction, both from arguments and 
facts, of the necessity of having abundant soluble plant 
food in the soil to insure large crops, and of the ready 
response of these crops to the application of the three classes 
of fertilizers here discussed. Why then, it may be asked, 
were not specific. directions given for applying these fertil-
izers, ' as to condition, mode and amount of each, to the 
soils of our state, and thereby save the farmers the 
trouble of discovering for themselves a remedy against 
existing evils¥ A legitimate question certainly, and one 
that calls for an honest answer! Farming is a profession 
and a business: the one demands knowledge, energy and 
a certain kind of good sense, the other different know-
ledge, sagacity and a reasoning faculty of a high order. 
The farmer, in fact, must bea head and not a hand, 
and to attempt to supplant the former by a set of fixed 
rules is as derogatory to the man and his profession as 
it is futile and unavailing in the practical conduct of his 
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business. Conditions of soil, climate, roads and markets 
are so complex and varied, even within the confines of the 
single state of Missouri, that a specific prescription is like 
.the medicine of the patent doctor-a universal remedy, the 
real worth of which is to be judged by the ' number of 
such universal remedies that are in the market. 
The truth is, a new order of things is dawning upon 
us. All professions are touched by it, including the 
profession of farming; new conditions demand new 
adaptations, and to argue the maintenance at any price 
of the former supremacy of the pioneers, the suppression 
by organizations Qf all younger competitors and the 
recovery by force, if necessary, ·of what has been lost, is 
shortsighted and destructive · of self. The world is a 
huge machine, whose wheels move slowly, yet with 
irresistible force; he who professes not to see or attempt 
to oppose its onward march is simply crushed. N atnre 
knows no pity, neither does she respect age or · guileless-
ness; relentless in the execution of her laws, she stamps 
ignorance of them as a crime and punishes with extinc-
tion those that refuse to learn of t4eir existence; better, 
therefore: far to understand these new conditions than 
to try to keep life in its old channels; wiser to adapt our-
selves. to them than to step aside and out of the current. 
This means that the farmer must think and plan and 
act for himself. Science reveals to him the principles 
upon which he must build; but their wise and correct 
application to the ends in view rests with himself and 
cannot be delegated to another .. Even granting for the 
sake of argument that it could be done, and that thereby 
all crops could be increased to one-half as much more as 
they are at present,it would affect, of course, allfarmers, 
here as in Europe, in Egypt as in India; the formula 
revealed would produce the same results. Prices, by 
:reason of over production, wouid simply go down, and 
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-the purchasing power of the crops sold would be 
just what it is now; no material or visible change would 
mark the condition of our\ free farmer. Intelligence 
,divides individuals as well as n,ations, and is the lever by 
which man may lift himself to a higher level. 
The use of chemical fertilizers has, then, a double 
aspect; whether profitable as well as effective is the 
question for the fanner, and while freely conceding the 
latter, the former has, so far, not been fully answered. 
The territory of our country, and even of our state, is 
-too great to admit of 'ready adjudication 01 so difficult 
,and complicated a matter; but to illustrate to what 
extent art and science may aid in increasing our crops. 
I quote from an article by Krapotkin, published in the 
,June number of "The Nineteenth Oentury," for 1888: 
"Volumes could be written about the marvels achieved; 
-take for instance the orchard of Mr. Ponce, which covers 
,only two and seven-tenths acres. The outlay for the 
,establishment is $5,680. Eight persons, Mr. Ponce 
included, cultivate the orchard and carry the vegetables 
to market. But how to enumerate all that is gathered 
"every year on this plat of less than three acres, without 
'filling two pages or more with the most wonderful 
figures~ Here are the chief items: more than 20,000 
'pounds of carrots, more than 20,000 pounds of onions, ' 
radishes, and other vegetables sold by weight; 6,000 
heads 0[, cabbage, 3,000 of eauliflower, 5,000 baskets of 
"tomatoes, 5,000 dozen of choice fruit, and 154,000 heads 
,of salad, III short a total of 250,000 pounds of vegetables." 
The foregoing extracts will sufficiently indicate the 
possibilities of agriculture, even in the direction of 
,common farming, yet chemical or concentrated fertilizers 
,are expensive, and the most expensive of them all is 
nitrogen; to avoid buying this should be the aim of a 
'farmer's efforts, and the adoption of a system of farming 
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based upon the recently acquired knowledge of the 
nitrogen gathering power of the legumes becomes a 
necessity; some suggestions have already been made in 
the selection of a proper rotation, but individual cases 
demand individual treatment and it is thought best to 
permit the exercise of whatever judgment, knowledge and 
experience each farmer may possess in finding the correct 
answer to this most important question; furthermore, to 
answer it correctly demands in addition to what has been 
said about potash, phosphoric acid and nitrogen, the con-
sideration of other matetrs which may perhaps be dis-
cussed in a subsequent bulletin. 
SUMMARY. 
To recapitulate, then, the points so far ' made let it 
be remembered, that " 
1. All crops demand " soluble plant food in propel' 
amounts. 
2-0 The plant food most deficient in our soils is potash, 
phosphoric acid and nitrogen. 
3. All plants readily respond to applications of potash 
and phosphoric acid, and all but the leguminous plants 
to that of nitrogen. 
4. The leguminous plants are able to gather a"nd 
appropriate nitrogen in abundance from the atmospheric 
all'. 
• I 5. Large crops mean the bUYll1g of potash and 
soluble phosphoric acid fertilizers, and, unless a proper 
rotation is adopted, that of nitrates or other nitrogenous 
manures. 
6. Potash salts may be applied either in fall or in 
spring, soluble phosphoric acids and nitrates in spring 
only. 
7. For deep rooting plants the two former should be 
r deeply plowed under," and the soil receive atop dressing 
in addition. 
S. Beneficial results follow the application of lime and 
that of indirect fertilizers, such as salt. " ," 
9. A proper rotation, different under different con-
ditions, may be looked upon as the vital measure for 
making farming a profitable and satisfactory occupation. 
